Incorporation Experiments. Falcon flasks were seeded with cells in the appropriate medium and incubated overnight. Labeling was initiated, after pouring off the growth medium, by-quickly adding the same type of medium containing labeled nucleoside (2.4 gM, 1-5 Ci/mmol, New England Nuclear). The residual unlabeled thymidine, adhering to cells grown in MEMT or HAT medium, amounted to less than 10% of the added labeled nucleoside. The labeling medium had been pre-equilibrated to 370 in 95% air/5% CO2. After incubation at 370 for the appropriate time, incorporation was terminated by pouring off the radioactive medium, rinsing the monolayer once with ice-cold Hanks' saline to remove excess protein, and then adding ice-cold 5% trichloroacetic acid/1% sodium dodecyl sulfate. This procedure took 5-10 sec. The samples were filtered through glass fiber filters, rinsed first with 5% trichloroacetic acid and then methanol, dried, and counted by liquid scintillation spectroscopy using Omnifluor (New England Nuclear).
porate [3H] thymidine the cells have to use salvage pathway enzymes. This switch in pathways cannot be considered steady-state. In bacteria, the presence of steady-state or nonsteady-state conditions has been shown to affect the type of DNA that is labeled (1) . In order to study the possible effects of such conditions in mammalian cells, we investigated the incorporation of thymidine into HeLa cells in three different media, Eagle's minimal essential medium (MEM) (containing no thymidine), HAT (containing hypoxanthine, amethopterin, and thymidine), and MEMT (containing only thymidine). In MEM, the cells depend solely on de novo synthesized nucleotides; labeling with thymidine, therefore, represents a non-steady-state condition. In HAT medium, on the other hand, the de novo pathway is blocked by amethopterin; the cells exclusively use exogenous thymidine via the salvage pathway, and incorporation of [3H]thymidine can be observed under steady-state conditions. In the third medium, MEMT, the cells have a choice between thymidine nucleotides derived from the salvage and the de novo pathways. The kinetics of thymidine incorporation observed in these three media, as well as the analysis of the intracellular thymidine nucleotide pools, suggest a compartmentation of intracellular salvage and de novo thymidine nucleotide pools. MATERIALS Incorporation Experiments. Falcon flasks were seeded with cells in the appropriate medium and incubated overnight. Labeling was initiated, after pouring off the growth medium, by-quickly adding the same type of medium containing labeled nucleoside (2.4 gM, [1] [2] [3] [4] [5] Ci/mmol, New England Nuclear). The residual unlabeled thymidine, adhering to cells grown in MEMT or HAT medium, amounted to less than 10% of the added labeled nucleoside. The labeling medium had been pre-equilibrated to 370 in 95% air/5% CO2. After incubation at 370 for the appropriate time, incorporation was terminated by pouring off the radioactive medium, rinsing the monolayer once with ice-cold Hanks' saline to remove excess protein, and then adding ice-cold 5% trichloroacetic acid/1% sodium dodecyl sulfate. This procedure took 5-10 sec. The samples were filtered through glass fiber filters, rinsed first with 5% trichloroacetic acid and then methanol, dried, and counted by liquid scintillation spectroscopy using Omnifluor (New England Nuclear).
Cs2SO4 Density Analysis. After stopping nucleoside incorporation with ice-cold phenol/ethanol (2/70%) the monolayers were rinsed once with 95% ethanol to remove traces of phenol, and the residual ethanol was removed by evaporation. Cells (5 X 106) were lysed by the addition of 2 ml of 0.05 M Tris-HCI/0.05 M EDTA (pH 7.4), 0.2 ml of 20% Sarkosyl NL-97 (Geigy), and 0.2 ml of nuclease-free Pronase (Calbiochem, 2 mg/ml). This mixture was incubated at 370 for 1 hr. KOH (3 M, 0.2 ml) was then added, and the lysate was heated at 50-60°for 30 min to hydrolyze RNA. After chilling, the lysate was neutralized by the addition of 0.5 ml of 1 M Tris-HCl (pH 7.4) and 0.55 ml of 1 M HCl, and dialyzed extensively against 0.05 M Tris-HCI/0.05 M EDTA (pH 7.4) in the cold. The DNA was then sheared using a Branson sonifier (4 X 30 sec, 60 W). After the addition of 2000-4000 cpm of heavy and light density markers, the mixture was denatured by incubation for 5 (2.4 ,uM, 12 Ci/mmol). Nucleotides were extracted from the cells either directly or after further incubation in HA medium by quickly aspirating all the medium and adding 0.5 ml of ice-cold 5% trichloroacetic acid. The acid extracts were centrifuged to remove cell debris and extracted three times with 3 In MEM, the rate of incorporation is essentially linear from time zero, suggesting that thymidine does not pass through preexisting de novo synthesized thymidine nucleotide pools, which Baumunk and Friedman have estimated to be sufficient for about 5 min of DNA synthesis (5). In HAT medium, on the other hand, the initial rate of thymidine incorporation is lower, reflecting the mixing of radioactive thymidine with preexisting intracellular salvage thymidine nucleotides. The final rates of incorporation, however, are identical in both media, suggesting that the addition of thymidine to cells not previously exposed to thymidine completely prevents the utilization of de novo synthesized nucleotides. If the cells are grown in MEMT medium (i.e., in the presence of thymidine) for one generation prior to the addition of [3H]thymidine, the label is incorporated at one-half the rate observed in cells grown in MEM or HAT medium. This result suggests that the cells have adapted to the presence of thymidine and are now using nucleotides derived from both pathways to about an equal extent. Again the initial rate of incorporation is lower, indicating the presence of a preexisting pool of nucleotides.
When cells are labeled for 1 hr with [3H]bromodeoxyuridine after growth in each of the three media and the DNA is analyzed in Cs2SO4 gradients (Fig. 2) , the labeled DNA isolated from cells grown in MEM or HAT medium, after denaturation, has a density indistinguishable from that of DNA in which thymidine is fully substituted by bromodeoxyuridine. Salvage nucleotides, therefore, must have completely bypassed the de novo synthesized nucleotides, confirming the conclusion drawn from the previous experiment. The la [3H]thymidine for 30 min (sufficient to label the dTTP pot to full specific activity), and then the nucleotide pools wer extracted and analyzed chromatographically, either immb diately or after incubation in HA medium. As seen in Fig. i have been obtained. This would not affect the conclusions concerning the control of the de novo pathway except that all de novo synthesized nucleotides may mix with the replication precursor pool.
The residual salvage nucleotide pool observed in cells incubated in HA medium may be located in cells that are not engaged in DNA replication. However, Adams (9) reported that only cells in S and early G2 phase can take up thymidine. Therefore, most of the labeled thymidine should be contained in cells actively involved in DNA synthesis. An alternative explanation for the incomplete depletion may be that the overall rate of DNA synthesis and, consequently, the rate of depletion of the thymidine nucleotide pool in S phase cells is reduced if the concentration of nucleotides falls below a certain level. This interpretation would explain the slow further depletion of the dTTP pool that is seen on longer incubations with amethopterin (Fig. 3) .
Other workers have reported that the de novo dTTP pool in different cell lines can be depleted in the presence of amethopterin (9) (10) (11) . The difference between these cell lines and HeLa cells may lie in the tightness of control preventing mixing between nucleotide pools. 
